This article analyses the relationship between infrastructure and total factor productivity (TFP) in the four major Latin American economies: Argentina, Brazil, Chile and Mexico. We hypothesise that an increase in infrastructure has an indirect effect on long-term economic growth by raising productivity. To assess this theory, we use the traditional Johansen methodology for testing the cointegration between TFP and physical measures of infrastructure stock, such as energy, roads, and telephones. We then apply the Lütkepohl, Saikkonen and Trenkler Test, which considers a possible level shift in the series and has better small sample properties, to the same data set and compare the two tests. The results do not support a robust long-term relationship between the series; we do not find strong evidence that cuts in infrastructure investment in some Latin American countries were the main reason for the fall in TFP during the 1970s and 1980s.
Introduction
Can investments in infrastructure explain the productivity slowdown in Latin America during recent decades? Countries such as Argentina, Brazil, and Mexico have shown a drastic reduction in their total factor productivity (TFP) together with a decrease in infrastructure since the 1970s. The simultaneity of these two events suggests that productivity slowdown might be related to the drop in investments in infrastructure. Such a relationship is similar to the conclusion proposed by Aschauer (1989) in his seminal article; Aschauer concluded that insufficient investments in infrastructure during the 1970s and 1980s were one of the main causes of productivity slowdown in the United
States. The fact that Chile, which did not decrease its investments in infrastructure, did not present such a drop in productivity reinforces such reasoning.
As a result of the fiscal adjustments adopted during the 1980s and 1990s in response to the Debt Crisis, most Latin American countries experienced a significant reduction in public investment, especially in infrastructure. According to Servén (1997) , public investment (as a proportion of the GDP) dropped approximately 2.5 percentage points during the 1980s in Latin American countries, whereas in East Asian countries (which did not adopt fiscal adjustments), it increased by approximately 3.5 percentage points. As a result, Latin America remained behind in terms of infrastructure expansion and improvements compared to other developing countries. Calderón, Easterly, and Servén (2003) 1 showed that in Argentina, Brazil, and Mexico, the reduction of public investments in infrastructure contributed to an increase in the primary surplus of the GDP ratio (between the periods of 1980-84 and 1995-98) at average rates of 54 percent, 174 percent, and 32 percent, respectively. 2 Thus, in Brazil, the decrease was larger than the adjustment itself, indicating that there were increases in expenditures in other sectors of the government. 1 The authors calculate that in 1997, 232 phone lines per thousand workers (median) were installed in Latin America, whereas in East Asia that figure was 500. As for electric energy, the total installed generating capacity per worker in East Asian countries increased from 70% (1980) to 165% (1997) in relation to the capacity of Latin American countries. The transportation sector also showed great discrepancies across regions, and although Latin America and East Asia had the same amount of paved road mileage per worker, both regions were still behind the developed countries, which had ten times more paved roads in 1997. 2 We recognise that the privatisation process has also contributed to the decrease in public investments.
It is reasonable to expect that if the government is forced to cut down on public expenditures, it would rather cut down on investments instead of expenditures associated with personnel (active and inactive) and/or social assistance. This preference can be explained by the relationship between the lengthy maturation period of infrastructure projects and the not-so-lengthy political cycle (four to five years). In Latin America, where poverty and inequality are significant, infrastructure projects do not offer the likelihood of political gains, but assistencialist policies do. This factor combined with the region's unstable political environment results in public administrators that only promote projects with brief periods of maturation.
Such a decrease in public investments (infrastructure) has likely affected the productivity of Latin American economies. Gomes, Pessoa, and Veloso (2003) Using cointegration tests in time series, this study analyses the behaviour of infrastructure and its long-run relationship with productivity in Argentina, Brazil, Chile, and Mexico. A vast literature has already addressed the relationship between infrastructure and economic growth, but the majority of previous studies have obtained ambiguous rather than robust results because of problems associated with the methodology used. These problems are discussed in the next section.
Above all, the nature of integrated variables (I(1)) must be seriously considered;
as such, proper estimation techniques must be used. The frequently used small samples can significantly distort the power of standard tests and might lead to misguided conclusions. Consequently, every attempt should be made to guarantee the efficient use of data to draw accurate inferences.
3 See Appendix 1. 4 It was estimated that about 50% of the product growth per worker in Brazil during the second half of the 20 th century can be attributed to the TFP.
In using time-series tests, we still face the possibility of structural breaks because of a likely cointegrated relationship between productivity and infrastructure. Thus, it is unclear what the estimated models represent. That is, do they represent a structural longrun equilibrium or a spurious relationship? We believe that the present paper sheds some light on this issue, which is of utmost importance. In summary, the main purpose of this paper is threefold:
1. Because of heterogeneity problems, Durlauf (2001) questioned the validity of previous studies that analyse growth. Within our analysis, we use time-series tests instead of cross-sectional tests, eliminating potential heterogeneity associated with the data and with the specificities of each country. Our goal is to offer new research based upon a greater level of empirical rigor. We also analyse the importance of infrastructure within the evolution of productivity for each specific case.
2. In addition to the Johansen (1988) test, we use a two-stage cointegration test that increases the estimation's efficiency in cases of small samples (like ours).
3. We take into account the fact that the relationship between economic activity and infrastructure possibly involves structural breaks and can seriously affect the properties of the test. Leybourne and Newbold (2003) found spurious cointegration between two independently generated random walks. Using tests from Engle-Granger (1987) , Johansen (1988) , and Banerjee et al. (1986) with the simulation of breaks in the level as well as the slope of the series, Leybourne and Newbold showed that the tests' inferences are vulnerable. To solve this problem, we use the Lutkepohl, Saikkonen, and Trenkler (2004) test, which considers an unknown time level shift in the series.
In sum, the present paper addresses the empirical relationship between infrastructure and economic growth for Argentina, Brazil, Chile and Mexico between 1950 and 2000. Section 2 presents a brief review of the related literature. Section 3 presents the databases used. Sections 4 and 5 describe the econometric techniques and results. Section 6 concludes the paper.
Growth, Productivity, and Infrastructure
Four major issues documented in the literature are relevant to our analysis: the nature of the relationship, the increments generated by investments, the increase in demand derived from investment in infrastructure, and the simultaneity bias.
We mentioned that Aschauer (1989) initiated the empirical literature relating infrastructure and economic growth (productivity). He estimated that the productivity elasticity in relation to the public capital in the United States was 0.24 for the "core" infrastructure (i.e., roads and highways, airports, gas and electrical and gas facilities, mass transportation, sewers and water).
Despite the evidence presented, the methodology used has been called into question. Based on the unit root Dickey-Fuller test, Tatom (1991) concluded that the variables from the model developed by Aschauer are non-stationary 5 , and the first difference estimation of the production function with public capital leads to an insignificant coefficient. Therefore, the fact that product and public investment are nonstationary variables might imply that the relationship obtained by the regressions, based on data in time series, is spurious.
However, according to Munell (1992) , first difference estimations minimise any long-run relationship (the detection of which is exactly the goal of these models) and generate implausible and non-significant coefficients for capital and labour. Munell also noted that the best option would be to test whether variables show a tendency to move together, i.e., whether they are cointegrated.
A review of the economic growth literature reveals that the perpetual inventory method for the construction of series of capital is used most often in empirical models. In addition to the well-known problems of this methodology, Pritchett (2000) 6 raised another important issue; he pointed out that the cost of investment is supposedly equal to the increment it generates in capital stock. Such equality is expected to prevail in the private sector, where agents (firms) are a priori considered efficient investors. However, because of corruption and inefficient use of funds within the public sector, an additional 5 It is worth noting that Tatom's sample is from 1950 to 1989, which differs slightly from the sample used by Aschauer (1989) . The variable log(Y/K) is stationary around the trend whereas the other variables in the model show a stochastic trend. 6 Among the main issues, it is worth noting the following: 1) the value of the initial stock capital, which is often unknown, is estimated; 2) the choice of the depreciation rate is usually constant along time; and 3) different price indexes are used to deinflate the series of investments. With regard to the last issue, an analysis of the Brazilian case is offered by Ellery Jr. et al. (2005). dollar's investment will not necessarily be converted to an additional dollar in capital stock. Pritchett (2000) argued that this problem is quite persistent in developing countries, where inefficiency is active in the public sector and the government is the main investor. That is, the more inefficient the government is (or the larger the public investment proportional to the total investment), the larger is this distortive effect in the estimations.
In view of this constraint, Sanchez-Robles ( Another critique of the use of public capital relates to simultaneity bias. Such investments are endogenous variables given that the increase in productivity (income)
can result in an increase in the demand for infrastructure services, which can lead to a positive bias in the estimation of returns.
Additionally, several studies have seeksought to identify the relationship between a specific infrastructure sector and economic growth, addressing solutions to the simultaneity problem. Fernald (1999) analysed the highway sector and its impact on the productivity of the US economy. He argued that the construction of highways has an impact on the productivity of vehicle-intensive industries. That is, there is strong evidence against the hypothesis of "reverse causation" between infrastructure and productivity; if such were the case, industries would benefit from road building equally, independent of the intensity of vehicle usage. Moreover, since productivity slowed down after 1973 (when the highway network was practically finalised in the US), there is no reason to believe that the direction of causation runs from TFP to infrastructure investment. Like Aschauer (1989) , he concluded that the US productivity slowdown was greatly affected by the drop in infrastructure investment. To be precise, the decrease in road building was responsible for 76 percent of the decrease in the TFP between 1973 and 1989.
Likewise, Röller and Waverman (2001) analysed the impact of the telecommunications sector on the GDP in the long run while also addressing the problem of simultaneity bias. The authors used a micro-model in addition to the production function, which estimates equations of supply and demand for the telecommunication stock for OCDE countries. They claimed that the size of the country is significant; that is, there is an important scale effect. Moreover, the authors found that the effect of the telecommunication stock 7 on the product is non-linear, which suggests that the elasticity is larger in countries where access to these services is universal (considering that each household has 2.5 habitants on average). This result can be explained by this sector's network externalities; i.e., the more people there are who use it, the greater the value attributed to it by users.
Finally, Calderón and Sérven (2003) In short, there is room in the literature for a deeper understanding of the relationship between infrastructure and economic growth (productivity). Specifically, there is great heterogeneity associated with this relationship among countries, as shown by Esfahani and Ramírez (2003) . Therefore, an estimation strategy specific to each country is more suitable for the analysis in question. Moreover, there is little evidence to support the idea that the relationship between infrastructure and productivity is stable in the long run. 9 We attempt to answer the following questions: Is there a long-run 7 The number of phone lines per capita is used as proxy for the telecommunication stock. When this value reaches a "critical mass" of 0.4 the returns are even larger. According to the authors, for a sample of countries outside the OCDE this value is in average 0.04 which suggests that one of the explanations of income divergence among countries could be the sector's underdevelopment. 8 Hong Kong, Indonesia, Malaysia, Singapore, South Korea, Thailand, and Taiwan. 9 Ferreira and Malliagros (1998) offer evidences for the Brazilian case. However, these authors work with the total stock of infrastructure based on the perpetual inventory method.
relationship between infrastructure and productivity? Does this relationship exist in all countries? Is this a stable relationship, or is it subject to structural breaks?
Database
The main source of data for the infrastructure stock was Canning's (1998) The series for the 1990s were completed using the growth rate of the energy production series from the World Development Indicators (WDI) and the growth rate in the number of telephone main lines found by Canning (1998) for electric generating capacity and telephones, respectively. We carried out a similar procedure for paved roads using the actual growth rate of paved roads from the WDI. In cases of missing data between years, linear interpolation was done. The economically active population (EAP)
we used is taken from the Penn World Table 6 .1 and the TFP was found by Gomes, Pessoa, and Veloso (2003) .
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The TFP is calculated as a residue in a production function that has physical (infrastructure and others) and human capital stocks as inputs. One might argue, though, that the proper way to calculate the impact of infrastructure on productivity would be to exclude the infrastructure capital from the production function when calculating the TFP.
This approach is not correct for the current study given that an important part of the output explanation (per worker) would be disregarded as residue, and a positive correlation between TFP and infrastructure would be created. Therefore, in trying to detect a long-run relationship between infrastructure and TFP, we are actually trying to identify the indirect effect of infrastructure on output per worker (via productivity), not its direct effect, which is (hypothetically) equal to the capital's share.
Cointegration Tests
Because the variables used are I(1) 12 , we can test the possibility of cointegration among them while estimating their long-run relationship. We use the Johansen procedure to test for cointegration among those variables.
In this section, the TFP elasticity, related to the physical measures of infrastructure and normalised by the EAP/1000, is estimated for each of the countries in the sample. The use of physical measures instead of the stock calculated through perpetual inventory is more accurate in relation to the issues addressed by Pritchett (2000) . Because of the high correlation found between the series, one infrastructure measurement is tested at a time, an approach that is commonly adopted in the literature. while productivity decreases dramatically during the same period (see Figure 1 ). 
Brazil

Argentina
The behaviour of Argentinean productivity is similar to that observed in Brazil.
However, the series presents more eminent cyclical components, which might indicate a less stable level of activity. There was a drastic drop in TFP during the triennium of 
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The trace and eigenvalue statistics show that the variables "lene" and "lroad" cointegrate with the TFP at a significance level of 1 percent. The productivity elasticity in relation to energy is about 0.12, a low value compared to that of Brazil. A 10 percent increase in the paved roads measure increased the TFP by approximately 4.2 percent in the long run (in Brazil, the estimated impact is 2.4 percent). Although the Johansen test indicates cointegration between installed phones and productivity, the respective elasticity is not significant. 
Mexico
The total factor productivity for Mexico can be divided into two very distinct periods (see Figure 3) . From 1950 to 1981, the TFP trended toward growth and remained high throughout the entire period. From 1982 onward, productivity decreased drastically, with a slight recovery in the second half of the 1990s. This drastic drop is the result of the Mexican moratorium and the insolvency of many developing countries. On the other hand, the energy generating capacity experienced growth throughout the entire period with the exception of 1967, when it experienced a sudden drop, which might be due to problems with the database. In the following decade, it stabilised at slightly below that figure, then increased slightly in the 1990s. 
Chile
Chile is the only country that has not reversed its growth tendency of productivity.
Two drops in the TFP occurred, in 1975 and in the 1980s (probably as a consequence of external shocks during those periods), followed by a quick recovery. Through the alternative decomposition of growth, Gomes et al. (2003 Gomes et al. ( ) calculated that, between 1950 and 2000, the TFP was responsible for 97 percent of the product growth per Chilean worker.
Similar to the other countries in our analysis, the electric energy sector shows considerable expansion throughout the period under study. Until the 1990s, the main state-owned companies were privatised and divided into different companies. As opposed to the Brazilian case, the entire Chilean energy supply is privately generated, which has ensured massive investment in the sector. After an elevated period of growth in the paved 
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The results show that a 1 percent increase in the generating capacity implies a 0.38 percent increase in the TFP in a VAR with two lags. These values are similar to those of Brazil (0.41 percent), once again emphasising the importance of this sector with relation to productivity. Telecommunication and roads cointegrate with TFP at a 1 percent significance level; in both cases, the criteria point to a model with only one lag.
The coefficient estimated for paved roads is high, around 1.35. For instance, an investment in 2001 that increased the available extension by 2.67 kilometres per thousand workers would increase productivity up to 13.5 percent in the long run. The estimated elasticity of installed phones is actually in opposition to the expected result, but it is not statistically significant. 
Cointegration Tests with Structural Breaks
The result of a cointegration test can be modified if a change in the coefficient of the deterministic components (intercept and trend) is taken into account. As mentioned in the introduction, Leybourne and Newbold (2003) found spurious cointegration between two independently generated random walks. Using tests from Engle-Granger (1987) , Johansen (1988) , and Banerjee et al. (1986) while simulating breaks in the trend of the series compromises the inferences of those tests. That is, the hypothesis of noncointegration among variables is rejected, implying a Type 1 Error.
In this section, the existence of cointegration among the aforementioned series is tested, considering a possible structural break at the level of variables. To do so, we use the cointegration test with endogenous break developed by Lütkepohl, Saikkonen and Trenkler (2004) (summarised below).
The Lütkepohl, Saikkonen and Trenkler Test (LST)
Consider the vector t y (n x 1) determined by
... Saikkonen and Lütkepohl (2000) . A great advantage of this procedure is that, under the null hypothesis, the asymptotic distribution of the LR statistics is the same when the date of the break is known. Moreover, the critical values do not depend on the date of the change in level. This does not hold true in a similar test proposed by Johansen and Nielsen (1993) , in which a new table has to be obtained for every date of the break. Actually, as pointed out by Lütkephol et al. (2003) , in the case of such small samples, Saikkonen and Lütkepohl`s (2000) test is usually more powerful and contains better properties than the test described by Johansen and Nielsen (1993) . The LST test presupposes the existence of a break in the data generator process;
18 It is worth noting that these parameters are not the same as (1); see the original article for a detailed analysis. that is, it excludes the possibility of 0   or 1   . According to Perron (2006) , however, once the filter procedure of the series (Feasible GLS) is done, the asymptotic distribution is not modified. (*),(**),(***) Rejects Ho at 10%, 5%, and 1%, respectively. These results reinforce the hypothesis that infrastructure is indeed correlated with
Results
TFP, yet there are limits to the effect of infrastructure on productivity. We argue that infrastructure causes an increase in the TFP when the former is scarce. In other words, infrastructure is necessary, but it is not sufficient for the growth of the TFP. Even in the event of an infrastructure "boom" (such as during the privatisation process in Brazil in the 1990s), the TFP might not grow due to different factors, such as poor institutions or little human capital.
Such perspective allows an understanding of the impacts of structural breaks in the results. If breaks in the infrastructures series (which result from privatisations) are considered, we note that the increase in infrastructure was not followed by an increase in the TFP in all cases. Therefore, a long-run relationship cannot be assumed.
Conclusion
We sought to evaluate how infrastructure has affected the total factor productivity in four Latin American countries: Argentina, Brazil, Chile, and Mexico. This paper makes three additional contributions to the existing literature. First, the estimations used for the time series avoid distortions related to the idiosyncrasies of each country. Second, the paper analyses the relationship between TFP and the physical measures of infrastructure through a cointegration analysis given the non-stationary nature of the series. Finally, the two-stage test used here, which was developed by Lutkepohl, Saikkonen and Trenkler (2004) , takes into account structural breaks at levels in the cointegration relationship, which empowers tests when analysing small samples.
The results from the traditional Johansen test show that there is a clear cointegration relationship between infrastructure and productivity. However, when a twostage test with breaks was conducted, we obtained different results. In some cases, these results go along with the results obtained with the first test, but in many cases they don`t.
Consequently, we can assume that the infrastructure stock is not sufficient to bring about sustainable growth in the TFP.
We can assume, then, that although infrastructure is necessary for the growth of the TFP, it is not enough, which implies an unstable long-run relationship. When other factors (such as human capital and well-structured institutions) are deficient, the effects of the increase in infrastructure might not imply an increase in the TFP. Consequently, the indirect effect of infrastructure on output (via productivity) is not always verified, although its direct effect (as an input) is of great importance. 
where y is the output per worker, A is the DTFP, k is the physical capital stock per worker, H is the human capital stock per worker,  is the technologic frontier evolution, and α is the income-elasticity of the capital. i represents the country, and t represents the period of time. The technological frontier evolution The EAP, GDP and investment series were extracted from the PWT version 6.1, whereas the education data came from Barro and Lee (2000) . 20 Gomes et al. (2003) have adjusted the exponential trend of this series corrected by the increase in EAP schooling. 
